Abstract. Serous ovarian cancer is a major gynecologic malignancy with a poor 5-year survival rate. However, little is known regarding the behavior and genetics of ovarian tumorigenesis. MicroRNAs (miRNAs) have been shown to be dysregulated in ovarian carcinomas. To assess the miRNA expression profiles in serous ovarian cancer, we defined the patterns of miRNA expression in 100 formalin-fixed, paraffin-embedded ovarian cancer tissues blocks as well as 50 corresponding normal oviduct tissues using miRNA microarray. MiRNA expression profiling showed that 63 miRNAs were downregulated and 43 miRNAs were upregulated in serous ovarian cancer tissues compared with control tissues. The expression of five dysregulated miRNAs was validated using quantitative polymerase chain reaction (RT-qPCR). GO term and pathway analysis revealed that the biological process of the cell cycle was significantly enriched and the MAPK signaling pathway was highly involved in the progression of ovarian cancer. The results suggested that the aberrant expression of miRNAs is involved in ovarian carcinogenesis and thus these miRNAs may function as diagnostic and prognostic biomarkers.
Introduction
Ovarian cancer is the most lethal of the gynecologic malignancies worldwide (1) . Epithelial ovarian cancer, which accounts for 90% of ovarian cancer, is a heterogeneous group of carcinoma and encompasses several histologic subgroups, each with their own organic molecular genetic events, such as Brenner, endometrioid, mucinous or serous carcinoma (2, 3) . Among them, the serous type is responsible for 75-80% of epithelial ovarian malignancies, and the majority of serous carcinomas are at an advanced stage at diagnosis (4) . However, high-grade serous ovarian cancer usually exhibits very high tumor heterogeneity, altered gene expression and genome instability (5) , which increases the complexity of the ovarian cancer pathogenesis and complicates the search for signatures that characterize this disease. Therefore, a better understanding of molecular alterations in serous ovarian carcinoma is necessary to identify novel targets for early detection and improved treatment.
MicroRNAs (miRNAs) are a new class of endogenous non-coding single-stranded small RNAs, ~22 nucleotides in length, that regulate mRNA function by perfect or partial base pairing with the complementary mRNA (6, 7) . The binding of miRNAs to their target mRNAs leads to a decrease in the stability of mRNA or translational inhibition. Most miRNAs possess oncogenic or tumor suppressor activity and can modulate diverse biological processes, including development, drug chemoresistance, metabolism, cell proliferation and apoptosis (8) (9) (10) . As miRNA expression is tissue-specific, detectable in blood (11) , and correlates with clinical cancer behavior (12) , miRNAs may be useful as potential valuable diagnostic and prognostic markers.
It has been reported that ovarian cancer is closely associated with multistep changes in the genome, particularly the expression and function of various miRNAs (13, 14) . Using global profiling (15, 16) and candidate gene (11, 14, 17) approaches, up-and downregualted miRNAs have been identified in ovarian carcinoma samples. The aberrant expression of miRNAs has also been associated with tumor histology (18) , response to survival (19) and therapy (20, 21) . Although previous studies have shown great potential for the use of miRNA in diagnosis, prognosis, and therapy in ovarian cancer (22, 23) , the precise association between aberrant miRNA expression and the clinicopathology of ovarian cancer has not been thoroughly evaluated.
In this study, we investigated miRNA expression in matched pairs of primary serous ovarian tumors and normal oviduct tissues using microarray and attempted to identify miRNAs capable of predicting the clinical diagnosis and prognosis.
Materials and methods

Patients and clinical tissue samples.
The protocol of the present study was approved by the ethics committee of the Fourth Military Medical University. A total of 150 archived formalin-fixed, paraffin-embedded (FFPE) tissue blocks of normal oviduct tissues (50 cases) and serous ovarian carcinomas (100 cases) were obtained from patients in the Department of Gynecology and Obstetrics, Tangdu Hospital, the Fourth Military Medical University (Xi'an, China). The histomorphology of all the primary tumors specimens and regional lymph nodes was confirmed with hematoxylin and eosin (H&E) staining. Histopathological grading was evaluated in accordance with the criteria of the International Federation of Gynecology and Obstetrics (FIGO) grading system and the histological subtype of each ovarian tumor was diagnosed according to the World Health Organization classification. Clinical parameters such as gender, age, differentiation status, lymph node metastasis, serum CA125 value and TNM stage were collected (Table Ⅰ) .
H&E staining and immunohistochemical (IHC) assay.
Standardized H&E staining was used to evaluate the morphology of ovarian tumor and normal tissues. To confirm the characteristics of ovarian cancer, IHC was performed using the avidin-biotin-peroxidase method on the ovarian cancer tissues and normal oviduct tissues. All the specimens were fixed with 4% paraformaldehyde and embedded with paraffin. Sections (4 µm) were cut and transferred to glass slides coated with 100 g/l polylysine. The primary antibodies were diluted in PBS: Anti-cytokeratin 7 (CK7) (1:100; Abcam, Cambridge, UK). An immunohistochemical analysis was performed on the paraffin-embedded sections. The sections were autoclaved for 10 min at 121˚C for antigen retrieval. An EnVision kit (Dako, Glostrup, Denmark) was used, and the IHC staining was performed according to the manufacturer's instructions. The negative control was performed by replacing the primary antibody with pre-immune murine serum.
R NA extraction. Total R NA was extracted from paraffin-embedded tissues and homogenized in TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA, USA), in accordance with the manufacturer's instructions. RNA purity and concentration were confirmed by spectrophotometry using the NanoDrop ND-1000 (NanoDrop Technologies, Wilmington, DE, USA).
Microarray analysis. For the miRNA microarray study, eight cases of serous tumors and eight normal oviduct tissues were randomly selected and assessed. The clinical parameters of the eight serous tumors are shown in Table Ⅱ . Total RNA (50 µg) was processed to enrich the miRNA using a mirVana RNA Isolation kit (Applied Biosystems, Inc., Foster City, CA, USA). DNA oligonucleotide probes from the mirVana miRNA Probe Set (Applied Biosystems, Inc.), containing 739 human precursor and mature miRNA, were printed on coated glass slides in duplicate (Digital Genomics, Suwon, Korea). Additionally, 50 µmol/l probes were resuspended with 3X SSC and spotted on AttayIt SuperEpoxy2 (TeleChem Corp., Atlanta, GA, USA) under 55% humidity using the ArrayIt SpotBot (TeleChem Corp.). The slides were rehydrated and blocked in a solution containing 100 mmol/l ethanolamine, 1 mol/l Tris (pH 9.0), and 0.1% SDS for 20 min at 50˚C and then rinsed thoroughly with water and spun dry. Purified miRNAs were labeled using a mirVana miRNA Labeling kit (Applied Biosystems, Inc.) and amine-reactive Cy5 or Cy3 dyes, according to the manufacturer's instructions. Poly(A) polymerase and a mixture of unmodified and amine-modified nucleotides were intially used to attach a polynucleotide tail to the 3' end of each miRNA. The amine-modified miRNAs were then cleaned and coupled to NHS-ester modified Cy5 or Cy3 dye (Amersham Biosciences, Piscataway, NJ, USA). The RNA from normal ovarian and cancer tissues was labeled with Cy3 and Cy5 dye, respectively. Slides were hybridized for 12-16 h at 42˚C in sealed cassettes under controlled humidity. Raw data were extracted using software according to the manufacturer's instructions (Agilent G4450AA Feature Extraction software 9.5). The array data were filtered with a detection P-value of <0.05 (similar to signal to noise) in all the samples. RNA hybridization and scanning were performed by Bohao Biotechnology Inc. (Shanghai, China). 
Quantitative polymerase chain reaction (RT-qPCR).
To validate the miRNA microarray findings, RT-qPCR was conducted for 100 cases of ovarian tumor and 50 cases of normal oviduct tissues. miRNA expression was analyzed using the SYBR-based stem-loop quantitative PCR method. Briefly, 100 ng of total RNA was reverse-transcribed to cDNAs with the stem-loop RT primers in a Veriti Thermal Cycler detector (Applied Biosystems, Inc.). qPCR was performed using THUNDERBIRD SYBR qPCR Mix (Toyobo, Co., Ltd., Osaka, Japan) according to the manufacturer's instructions in a CFX96 Real-time PCR Detection System (Bio-Rad, Hercules, CA, USA). The miRNA levels were normalized to U6, which was used as an internal control. The relative abundance of each miRNA was calculated using the comparative Ct (2 -ΔΔCt ) method, and the results were assessed by the t-test.
Bioinformatics analysis.
To predict the target genes of differentially expressed miRNAs, the miRecords database (24) integrating multiple miRNA target prediction tools was employed. To reduce the false-positive results, the genes predicted by at least three tools of miRecords were selected as target genes for subsequent analysis. We subsequently used the DAVID (25) to annotate the biological function of these target genes. Then the DIANA-miRPath (26) was used to predict the top canonical pathways involving these genes.
Statistical analysis. Data were expressed as the mean ± SD of at least three independent experiments. Group differences were compared using one-way ANOVA or the two-tailed Student's t-test from SPSS version 19.0 software (SPSS, Inc., Chicago, IL, USA). The Mann-Whitney test was conducted to compare miRNA expression according to the clinicopathological parameters. P<0.05 was considered to be statistically significant.
Results
Clinicopathological characteristics of patients. In total, 100 serous ovarian cancer patients were enrolled in the study (Table Ⅰ) . Only patients who did not receive neoadjuvant chemotherapy were recruited. Their age ranged from 21 to 90 years with 25 patients (25%) aged >60 years. The clinical stages of ovarian carcinoma following initial diagnosis were as follows: low stages (I,II) in 28 cases (28%) and high stages (III,IV) in 72 cases (72%). Differentiated grading for ovarian carcinoma was classified into three grades, of which eight cases were well-differentiated and 92 cases were moderately/poorly differentiated. Lymph node metastasis was detected in 42 cases. Carbohydrate antigen-125 (CA125) is the most frequently used biomarker for ovarian cancer detection (27) . Of 100 carcinomas analyzed, the serum CA125 value in 70 cases was >200 U/ml.
H&E staining and IHC analysis ovarian tumor and normal oviduct tissues.
To confirm the histologic features of ovarian tumor and normal oviduct tissues, H&E staining was performed.
As shown in Fig. 1 , the H&E staining showed that signet ring-like cells were diffused in ovarian tumor tissues. We then performed IHC to examine the characteristics of ovarian tumor by CK7, which is considered to be a useful discriminant marker to differentiate primary epithelial ovarian tumors from tumors metastatic to the ovary (28) . In contrast to the normal oviduct tissues, the ovarian tumors were stained strongly for CK7 expression (Fig. 1) .
MiRNA-expressed profiling by microarray analysis. To identify miRNAs differentially expressed in serous ovarian cancer compared with the corresponding normal oviduct tissues, each eight cases of serous ovarian tumors and oviduct tissue specimens were randomly selected and assessed using a customized miRNA microarray. The clinicopathological characteristics of the eight ovarian tumor patients are shown in Table Ⅱ . After performing fold change filtering (fold-change ≥2) on the differentially expressed miRNAs, we found that 63 miRNAs were downregulated (Table Ⅲ) and 43 miRNAs were upregu- (Fig. 2) shows the results of the unsupervised hierarchical clustering based on the significantly differentially expressed miRNAs listed in Tables Ⅱ and Ⅲ .
Validation of unique miRNAs by RT-qPCR.
To confirm the miRNA expression pattern obtained from microarray analysis, RT-qPCR was used to quantify the expression levels of specific miRNAs from the 100 cases of serous ovarian tumors and 50 cases of normal oviduct tissue specimens. In total, five (miR-129-1-3p, miR-542-5p, miR-450a-5p, miR-129-2-3p and miR-424-5p) of the 106 miRNAs that were differentially expressed in ovarian tumors were selected for subsequent validation by RT-qPCR. These miRNAs were selected due to their significantly fold changes (>10) in expression levels in ovarian tumors as compared with normal oviduct tissues. Additionally, we would like to identify research candidates for future research. The RT-qPCR results demonstrated that all five miRNAs were markedly downregulated in serous ovarian tumors as compared with control oviduct tissues (Fig. 3,  P<0 .01), which was consistent with the results of the microarray analysis.
Gene ontology terms and canonical pathway annotation of miRNA targets. As miRNAs play critical roles in post-transcriptional regulation by targeting mRNAs, we retrieved the putative target genes of differentially expressed miRNAs using the miRecords database (24) and selected the target genes retrieved by at least three tools contained in miRecords. To examine the function of the differentially expressed miRNAs, we collected the top 25% of the predicted miRNA targets and performed gene ontology (GO) term and pathway annotation. GO term annotation results showed that the regulation of transcription, RNA splicing, mRNA processing and cell cycle were the most significantly enriched GO terms (Fig. 4A ). This finding suggested that miRNAs may regulate transcription factors or cell cycle-related genes. The canonical pathways predicted to be controlled by the dysregulated miRNAs were also assessed. The top 10 pathways are shown in Fig. 4B . The majority of pathways have been shown to be involved in carcinogenesis, including the mTOR, Wnt, TGF-β and MAPK signaling pathways, which may demonstrate the possible roles and mechanisms of these differentially expressed miRNAs in ovarian development or metastasis.
Correlation of miRNA expression with clinicopathological parameters. The relationship between miRNA expression and clinicopathological parameters, including FIGO grade, clinical stage, lymph node and distant metastasis, were evaluated in serous ovarian carcinomas (Table Ⅴ) . The downregulation of miR-450a-5p tended to be associated with FIGO grade or lymph node metastasis; however, this was not statistically significant (P= 0.12 or 0.10). No significant relationship was observed between miRNA expression and clinical stage or distant metastasis.
Discussion
Serous ovarian carcinoma is the most common histological subtype of ovarian cancer. The majority of patients receiving pathological diagnosis at stage Ⅰ survive, whereas patients receiving diagnosis at an advanced stage succumb to the disease. Currently, serous ovarian carcinoma is characterized by late diagnosis, rapid progression and poor prognosis (4) . A number of studies have suggested that miRNAs play a vital role in the identification of gene expression patterns for use as a diagnostic and prognostic tool for cancer patients and may serve as molecular targets for therapy.
In the present study, we have demonstrated that 63 miRNAs were significantly downregulated and 43 miRNAs were upregulated in serous ovarian carcinoma compared with normal oviduct tissues. This miRNA pattern includes some well-known tumor suppressor miRNAs (miR-34b, miR-34c, miR-375 and let-7c) and oncomiRs (miR-370, miR-21). MiR-34b/c was reported to suppress cell proliferation and migration and was a predictive marker of a number of tumors (29) (30) (31) . MiR-375 inhibits cell growth, migration and invasion and functions as a tumor suppressor in various types of cancer (32, 33) . MiR-21 detection has a prognostic value in patients with cancer, particularly in head and neck squamous cell carcinoma and digestion system cancers (34) . These miRNAs are involved in the processes of cell proliferation, migration/invasion, and play important roles in cancer progression, suggesting that these miRNAs may be useful markers for the differentiation of malignant tumors from borderline tumors.
Five (miR-129-1-3p, miR-542-5p, miR-450a-5p, miR-129-2-3p and miR-424-5p) of the 106 miRNAs identified in the present study were validated by RT-qPCR, and their expression was confirmed to be significantly consistent with the microarray data. The results indicated that the differential miRNA pattern in serous ovarian carcinoma as compared with normal oviduct tissues was relatively credible. Furthermore, these five miRNAs identified in the current study have not been detected previously in ovarian carcinomas. MiR-129 has been shown to act as a tumor suppressor in gastric cancer (35) , colorectal cancer (36) or hepatocellular carcinoma (37) . MiR-542-5p was first reported as a novel tumor suppressor in neuroblastoma (38) . Downregulation of miR-450a was demonstrated to be associated with poor prognosis in esophageal squamous cell carcinoma (39) . However, miR-424-5p was reported to be frequently upregulated in pancreatic cancer and suppress the expression of SOCS6 (40), which was not in agreement with our finding that miR-424-5p was downregulated in ovarian cancer. The reason for this discrepancy may be that miRNA was differentially expressed in different cancer types. Our results suggest that these miRNAs are likely promising diagnostic and prognostic biomarkers in serous ovarian carcinomas.
Of note, single miRNAs can exert different functions by targeting multiple mRNAs, and a single mRNA can be regulated by multiple miRNAs (6) . To investigate the function of the differentially expressed miRNAs, we performed GO terms and canonical pathway annotation of miRNA targets. Functional analysis revealed that the GO category of the cell cycle was significantly dysregulated in ovarian cancer. The cell cycle, which is modulated by a number of regulators, including cyclins and cyclin-dependent kinases, is crucial for the life cycle of mammals. Cell cycle dysregulation is involved in many diseases, including cancer (41) . Our results reveal that the cell cycle plays an important role in the progression of ovarian cancer, which is consistent with previous studies (42, 43) . The pathway analysis demonstrated that the miRNAs extracted in the present study control several pathways relevant for the regulation of ovarian cancer. The MAPK and PI3K-Akt-mTOR signaling pathways have been shown to be involved in estrogen-dependent gynecological disorders including polycystic ovarian syndrome (42) . It was reported that TGF-β acts to inhibit proliferation of normal ovarian surface epithelium and early stage ovarian carcinoma (43) . Our results indicate that the differentially expressed miRNAs may function in ovarian cancer through the modulation of these signaling pathways.
It has also been demonstrated that miRNA expression profiles are correlated to clinicopathological parameters of human cancers, including clinical stage, FIGO grade and lymph node involvement (44) . In this study, we have shown that downregulation of miR-450a-5p tended to be associated with FIGO grade or lymph node metastasis, although this association was not statistically significant (P= 0.12 or 0.10). Additionally, the expression of miRNAs was not significantly correlated with clinical stage or distant metastasis. The reason may be that these miRNAs were not directly associated with the aforementioned chinicopathological factors. Thus, further investigations should be conducted to confirm this lack of association.
In conclusion, we identifi ed 106 miRNAs that were abere identified 106 miRNAs that were aberrantly expressed in serous ovarian carcinoma as compared to normal oviduct tissues, suggesting that these miRNAs are involved in ovarian tumorigenesis and therefore may be used as prognostic markers. Future studies are required to validate the miRNA targets and elucidate the mechanism of miRNA function during ovarian tumorigenesis.
